Introduction 49
The transition of lens epithelial cells into myofibroblasts through the process of epithelial 50 to mesenchymal transition (EMT) is a cause of anterior subcapsular and posterior capsular 133 To isolate RNA from imLECs, cells within a six-well plate were homogenized in 1mL of 134 TRIzol reagent (Thermo Fisher Scientific) and stored at -80 o C until further processing. To isolate 135 RNA from lens epithelium, lens epithelium was separated from fiber cells. To achieve this, lens 136 capsules were punctured at the lens equator using fine forceps. With a second set of fine tweezers, 137 the lens capsules were peeled from the fiber cell mass. At least six pooled lens capsules, which 138 contained mostly epithelial cells, were immersed in 300L of TRIzol. In a separate tube, lens fiber 139 masses from two pooled lenses were immersed in 300L of TRIzol.
RT-PCR gene expression analysis and sequencing

140
RNA from tissue or cells were then processed according to manufacturer's instructions. 141 Reverse transcription was performed on equal amounts of total RNA for each sample using 142 Superscript III First-Strand Synthesis System for RT-PCR Kit (Thermo Fisher Scientific). Total protein extraction and WES capillary-based immunoassay 158 Cells were washed once in PBS and then harvested from culture by scraping into fresh 159 PBS. Cells were pelleted by centrifugation at 800 x g for 5 minutes and protein was extracted by 
Results
234
Tpm expression in immortalized lens epithelial cells 235 To determine Tpm isoform expression in imLECs, we performed semi-quantitative RT-PCR 236 using previously validated primer sets 15 . The cDNA products were extracted from agarose gels 237 and were sequenced. We determined that imLECs express eight Tpm isoforms ( Figure 1A) : Tpm 238 1.5, 1.7, 1.9, 1.13, 2.1, 3.1, 3.5, and 4.2.
239
Next, we induced EMT by exposing imLECs to TGF2. We chose to treat cells with 240 TGF2 as it has been shown to be present in the aqueous humor 18 , it is increased in the aqueous 241 humor following lens injury and inflammation 19, 20 , and it has been shown to be more potent than 242 TGF1 in enhancing EMT 21 . Exposure of imLECs to 5ng/mL TGF2 downregulated Tpm 1.9 243 and Tpm1.13 mRNA levels, upregulated Tpm1.7, 2.1, 3.1, and 4.2 mRNA levels, but did not affect 244 Tpm1.5 and Tpm3.5 mRNA levels ( Figure 1A and 1B). To elucidate the function of Tpm3.1, we exposed imLECs to TR100. TR100 is a Tpm 254 inhibitor that associates with a binding pocket located in the 9D exon of Tpm3.1 and prevents end-255 to-end assembly of Tpm, reducing Tpm binding along actin filaments in cells 22 . To determine the 256 optimal concentration of TR100, we assessed cell viability at different concentrations of TR100.
257
Treatment of imLECs with 5M or 10M TR100 causes cell death, however, treatment with 1M 258 or 2M of TR100 does not significantly impact imLEC viability (Figure 2A, B ). Based on these 259 findings, we chose to use 1M of TR100 for subsequent experiments.
260
To determine if Tpm3.1 inhibition prevents stress fiber assembly, we exposed imLECs to 261 TGF2 supplemented with TR100. As expected, treatment of imLECs with TGF2 results in 262 prominent F-actin assembly into stress fibers that are associated with Tpm3.1 ( Figure 2C ). By Figure 1A ). Of note, Tpm3.1 is expressed in native lens epithelial cells 298 but not in lens fiber cells. The faint cDNA band that appears in gels of the Tpm3.1 RT-PCR 299 reaction for fiber cells is not of Tpm3.1 based on Sanger sequencing.
300
To determine the presence and localization of Tpm3.1 protein within native lens epithelial 301 cells, we developed a methodology for fluorescent immunostaining of proteins within lens 302 epithelial cells. Using this methodology, we can image Tpm3.1 in epithelial cells of native lenses 303 ( Figure 4B, C) . The intensity of Tpm3.1 staining is greatest at the basal regions of lens epithelial 304 cells with very little staining at the middle and apical regions. At the basal regions, there were no 305 apparent stress fibers, and Tpm3.1 is localized in a punctate pattern partially co-localized with F-306 actin ( Figure 4B ). XZ plane reconstruction of confocal images showed that while F-actin staining 307 is most intense in the apical region of epithelial cells, Tpm3.1 staining is most intense at the basal 308 region of cells ( Figure 4C ). We confirmed through a basal-to-apical line scan analysis of 309 fluorescent intensity ( Figure 4D ). Figure S1 ; Figure 4B ). Since culture of lenses 321 in medium 199 supplemented with TGF2 results in greater stress fiber formation than culture of 322 lenses in medium 199 alone, to stimulate EMT in subsequent studies, we cultured lenses in medium 323 199 supplemented with TGF2.
324
To study the role of Tpm3.1, we examined the actin stress fibers at the basal regions of lens 325 epithelial cells in Tpm3.1 knockout (Tpm3/Δexon9d -/-) mice. Freshly fixed lenses Tpm3/Δexon9d -326 /had similar actin organization to wildtype, Tpm3/Δexon9 +/+ mice ( Figure 5 ; Figure S2 ). Notably,
327
there is an absence of actin stress fibers at the basal regions of the epithelial cells ( Figure 5 ).
328
Exposure of wildtype, Tpm3/Δexon9 +/+ to TGF2 led to formation of actin stress fibers as shown 329 above ( Figure S1 ). However, stress fiber formation at the basal region of epithelial cells in TGF2- To determine if the Tpm3.1 inhibitor TR100 also prevents stress fiber assembly in native 336 lens epithelial cells, we exposed whole lenses to TGF2 in the presence of 1M TR100. Similar 337 to our results with imLECs ( Figure 2C ), TR100 reduces F-actin stress fiber formation in the basal 338 region of native lens epithelial cells ( Figure 6A ) and reduces the association of Tpm3.1 with F-339 actin in the stress fibers ( Figure 6B ). Reduction of TGF2-induced stress fibers both in absence 340 of Tpm3.1 in Tpm3/Δexon9 -/lenses, or in TR100-treated wild-types lenses provide evidence that 341 normal levels and function of Tpm3.1 is essential for stress fiber formation at the basal region of 342 lens epithelial cells. To determine if knockout of Tpm3.1 or inhibition with TR100 reduces EMT progression 349 into myofibroblasts, we examined sma protein levels. For this analysis we extracted protein from 350 capsular-epithelial peels. By performing WES immunoassay, which is a sensitive means to detect 351 protein in a low volume of extract, we can determine sma protein expression from individual 352 peels (Figure 7) . We determined that TGF2 treatment led to 2.8-fold increase in sma protein This study provides new insights into targeting stress fiber formation via inhibition of 361 specific tropomyosin isoforms during lens EMT. We found four Tpm isoforms are upregulated in 362 imLECS following TGF2 treatment, including Tpm3.1 which is the most highly upregulated.
363
Tpm3.1 is expressed in imLECs and native lens epithelial cells but not fiber cells. During TGF2 364 induced EMT in imLECs or whole lenses, Tpm3.1 associates with F-actin in stress fibers. In addition to Tpm3.1, we found Tpm1.7, 2.1, and 4.2 to be upregulated in imLECs by 380 TGF2 treatment. These Tpms are also reported to associate with actin stress fibers and play 381 diverse roles in promoting stress fibers 8, 9, 27 . Tpm1.7 protects against actin severing by cofilin 9 382 and can promote the incorporation of sma into stress fibers 31 . Tpm4.2 activates myosin II ATPase 383 and is present mostly in highly bundled F-actin 9 . Furthermore, Tpm2.1 can promote actin filament 384 elongation 32 . Stress fiber formation in Tpm3.1 knockout lenses or in lenses treated with TR100 is 385 impaired, but not completely abolished. Thus, while impairment of Tpm3.1 may compromise 386 stress fiber formation, the other Tpms may also promote stress fiber formation to some extent.
387
Further research into the roles of other stress fiber-associated Tpms in lens EMT is required.
388
Furthermore, we found that Tpm3.1 is expendable for native lens epithelial actin 389 organization, as freshly isolated knockout lenses had similar F-actin organization as wildtype 390 lenses ( Figure S2 ). F-actin organization at cell-cell junctions (middle and apical regions) and in 391 polygonal arrays (apical region) were similar in Tpm3/Δexon9 +/+ and Tpm3/Δexon9d -/lenses. This
392
suggests that other Tpms may be more important for establishing F-actin organization in native 393 lens epithelial cells. For example, lens epithelial cells contain Tpm 1.9, which has been shown to 394 be associated with F-actin at adherens junctions in other (LLC-PK1 kidney) epithelial cells 33 .
395
Tpm1.9 may play a similar role in lens epithelial cells based on several observations. In contrast 396 to the stress fiber-associated Tpms, TGF2 downregulates Tpm1.9 expression. This corresponds 397 with TGF2-induced decreases in F-actin levels at the adherens junctions in lateral and apical 398 regions of the epithelial cells, which was not prevented in the absence of Tpm 3.1. Thus Tpm1.9 399 may be essential for maintaining F-actin at the adherens junctions. This also suggests that complete 400 prevention of EMT may require increases in levels or activities of other Tpms such as Tpm1.9. Of 401 note, Tpm1.13 is also downregulated by TGF2 treatment. Further studies are required to 402 determine the role of both Tpm1.9 and 1.13 in epithelial cells. Targeting Tpm1.9 and 1.13 to 403 promote their F-actin binding activities, may be required to fully repress lens EMT.
404
In conclusion, lens epithelial express several Tpm isoforms. 
